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Abstract 

Background Singapore is one of the most rapidly ageing populations in the world. Nearly half of all disease burdens 
in Singapore are attributable to modifiable risk factors. This indicates that many illnesses are preventable by modifying 
behaviours such as increasing physical activity levels or maintaining a healthy diet. Prior cost-of-illness studies have 
estimated the cost of selected modifiable risk factors. However, no local study has compared costs between groups 
of modifiable risks. This study aims to estimate the societal cost attributable to a comprehensive list of modifiable risks 
in Singapore.

Methods Our study builds on the comparative risk assessment framework from the Global Burden of Disease (GBD) 
2019 study. A top-down prevalence-based cost-of-illness approach was undertaken to estimate the societal cost 
of modifiable risks in 2019. These include healthcare costs from inpatient hospitalisation and productivity losses 
from absenteeism and premature mortality.

Results Metabolic risks had the highest total cost of US$1.62 billion (95% uncertainty interval [UI] US$1.51–1.84 bil-
lion), followed by lifestyle risks of US$1.40 billion (95% UI US$1.36—1.66 billion) and substance risks of US$1.15 billion 
(95% UI US$1.10—1.24 billion). Across the risk factors, the costs were driven by productivity losses, heavily skewed 
towards the older working-age group and among males. Most of the costs were driven by cardiovascular diseases.

Conclusion This study provides evidence of the high societal cost of modifiable risks and highlights the importance 
of developing holistic public health promotion programmes. As modifiable risks often do not occur in isolation, 
implementing effective population-based programmes targeting multiple modifiable risks has a strong potential 
to manage the cost of the rising disease burden in Singapore.
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Introduction
Globally, nearly half of the total burden of disease and 
injury can be attributed to modifiable risk factors, such 
as low physical activity, dietary risks, and tobacco smok-
ing [1]. In 2019, high blood pressure contributed to 10.8 
million deaths worldwide and was the leading modifiable 
risk factor for death [2].

Modifiable risks account for high healthcare costs. 
Low physical activity costs healthcare systems US$53.8 
billion worldwide [3]. Tobacco smoking was estimated 
to total US$422 billion in healthcare expenditure glob-
ally [4]. A recent study estimated that healthcare spend-
ing associated with 84 modifiable risk factors amounted 
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to US$730 billion in the US [5]. In addition to substan-
tial healthcare costs, modifiable risks also have a signif-
icant economic impact. A study on productivity losses 
in Poland found that premature mortality attributed 
to 20 modifiable risks amounted to US$5.3 billion [6]. 
Understanding the cost of modifiable risk factors can 
help to prioritise holistic public health programmes.

Modifiable risks rarely occur in isolation. Studies have 
shown that clustering risk factors typically have a syn-
ergistic effect [7]. This implies that the co-occurrence 
of multiple risk factors presents a greater likelihood 
of developing a disease than an individual risk factor 
alone. For instance, alcohol and tobacco smoking com-
monly occur together, and their combined effect leads 
to a greater risk of all-cause mortality [8]. High blood 
pressure also co-exists with high cholesterol, result-
ing in an elevated risk of cardiovascular disease [9]. 
Besides understanding the cost related to a single risk 
factor, estimating the aggregated cost generated by two 
or more risk factors in a population may be of greater 
interest as it can inform public health programmes to 
alleviate several health risks spontaneously.

In Singapore, healthcare spending has increased from 
S$3.8 billion in 2010 to S$11.1 billion in 2019 [10]. 
This was partly driven by an ageing population’s more 
significant healthcare needs and the emergence of a 
more practical yet expensive medical technology [11]. 
Not accounting for COVID-19, healthcare spending 
is expected to increase to S$27 billion by 2030 and is 
likely to grow even more with the pandemic [12]. This 
places a significant toll on the healthcare system. Thus, 
measuring the societal costs can help prioritise health-
care policies by focusing on groups of modifiable risks 
with the highest societal cost. In Singapore, similar 
studies have been done to quantify the cost of smoking 
and a high-sodium diet separately [13, 14]. However, 
local research has yet to estimate the societal cost of 
groups of modifiable risks concurrently.

This study aims to fill the gap using the latest available 
data from the Global Burden of Disease Study (GBD) 
2019 to estimate the societal cost attributable to modifi-
able risks in Singapore before the COVID-19 pandemic, 
which also represents the steady state of the healthcare 
system that is not interpreted by additional healthcare 
spending used for pandemic control and management. 
GBD is a multinational research study that quantifies the 
magnitude of ill health from diseases, injuries, and modi-
fiable risk factors. Modifiable risk factors in GBD are 
identified through systematic reviews, census, and sur-
vey data. While the risk factors in GBD are by no means 
exhaustive, it is the most comprehensive as the risks and 
estimates are frequently updated to reflect changes in 
disease burden when new studies become available [2, 15, 
16].

Methods
Study design
We estimated the societal cost of modifiable risks using 
a top-down prevalence-based cost-of-illness approach 
from the societal perspective. Cost-of-illness studies are 
often used to measure the costs attributed to a risk fac-
tor or health condition, considering direct and indirect 
costs [17]. In this study, direct costs refer to healthcare 
costs from inpatient hospitalisation, while indirect costs 
refer to productivity losses derived from absenteeism 
and premature mortality (Fig. 1). Data were obtained for 
individuals aged 20 years old and above. All estimates are 
reported in 2019 Singapore dollars (S$).

Modifiable risk factors
Our study builds on the modifiable risk factors in the 
GBD 2019 study. The risk factors in GBD are organised 
into four nested levels. At the highest level, risk factors 
are grouped into three overarching risk factor categories: 
(1) behavioural risks, (2) metabolic risks, and (3) envi-
ronmental and occupational risks. These are followed 
by more detailed risks nested within the preceding level. 

Fig. 1 Components of the societal cost of modifiable risk factors
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Behavioural risks contain nine Level 2 risks, metabolic 
risks contain six Level 2 risks and environmental and 
occupational risks contain five Level 2 risks. Certain 
Level 2 risks, such as occupational risks, consists of Level 
3 risks which are further expanded into the specific type 
of exposure, such as to silica or sulfuric acid in Level 4. 
Not all Level 2 risks have detailed risks nested within 
them. Our study focuses on Level 2 risks, of which there 
are 20 risks as it reflects most of the modifiable risk 
factors.

To avoid confusion, we replaced "drug use", defined as 
dependence upon opioids, cannabis, cocaine, or amphet-
amines, with "illicit drug use", as these are prohibited in 
Singapore. We also replaced "maternal and child malnu-
trition" with "maternal malnutrition" to reflect the dis-
eases related to the risk exposure in this study. This was 
because there were no episodes of inpatient admission 
that were classified or coded as child malnutrition.

Using Level 2 risk factors, we constructed five modifi-
able risk clusters, as shown in Table 1. First, risks within 
lifestyle and substance risks were identified through a 
systematic review of the evidence relating to the co-
occurrence of multiple risk factors [18]. Risks within 
metabolic risks were identified based on the potential 
for similar policy interventions [19]. Risks not classified 
under these clusters were subsequently categorised into 
environmental and occupational risks or other modifi-
able risks.

Estimation of Population Attributable Fraction (PAF)
The Population Attributable Fraction (PAF) is a key 
parameter used to estimate the attributable cost of dis-
eases. PAF refers to the proportion of disease cases that 
can be averted if the risk factor exposure for a particu-
lar modifiable risk factor is reduced or eliminated [20]. 
For instance, although the significant cause of lung can-
cer can be associated with tobacco smoking, some can 
also be attributed to poor diet [21]. In this case, PAF can 

indicate the proportion of lung cancer cases that can be 
avoided without tobacco smoking.

However, there are challenges in estimating the PAF if 
the disease is associated with multiple risk factors. For 
instance, cardiovascular diseases can be attributed to 
several modifiable risk factors including but not limited 
to smoking, low physical activity levels, poor dietary risk, 
and high body mass index [22]. In such circumstances, 
because the disease can be prevented in multiple ways, 
the cases of individuals with numerous risks could be 
counted in the PAF several times. As a result, the PAF of 
individual risks can sum to more than 100% for a disease 
with multiple modifiable risks [23]. Thus, an approxima-
tion using an approach outlined by Krueger et  al. was 
used to adjust for the overlap between risk factors in each 
cluster [24]. Other studies have also used this approach 
[25, 26].

Data sources
Age- and sex-specific PAF and the number of deaths 
associated with each disease were extracted from the 
Global Health Data Exchange GBD Results Tool [27]. In 
GBD, a set of International Classification of Diseases  10th 
Revision (ICD-10) codes are mapped to each disease. In 
addition, aggregated data on inpatient volume, inpatient 
costs and length of hospital stays by age groups (20–24, 
25–29, …, 75–49, 80 and above), sex, and ICD-10 codes 
were extracted from the Singapore Ministry of Health 
administrative databases which cover all inpatient claims 
data from both public and private hospitals. In addi-
tion, the labour force participation rate and the median 
income were extracted from the Ministry of Manpower 
2019 report [28].

Estimating attributable healthcare cost
Healthcare costs were derived from inpatient costs. First, 
the attributable healthcare cost for each disease associ-
ated with the risk factor was computed by multiplying 
the corresponding cluster PAF with the disease-specific 

Table 1 Risk factor clusters constructed using Level 2 risk factors in GBD 2019

The risk factors in this study include only level 2 risk factors from GBD 2019. Some level 2 risk factors contain more detailed risks. For instance, lifestyle risks include 
high body mass index, low physical activity, and dietary risks. Within dietary risks, there are more detailed risks, such as a diet high in sodium and a diet low in fibre

Clusters Level 2 Risk Factors from GBD 2019

Lifestyle risks High body mass index Low physical activity Dietary risks

Substance risks Tobacco Alcohol Illicit drug use

Metabolic risks High fasting plasma glucose High LDL cholesterol High systolic blood pressure

Environmental and occupational 
risks

Air pollution Unsafe water Occupational risks

Other environmental risks Non-optimal temperature

Other modifiable risks Kidney dysfunction Childhood sexual abuse Unsafe sex

Maternal malnutrition Intimate partner violence Low bone mineral density
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total inpatient costs. Next, the total inpatient cost for the 
disease was estimated using the disease-specific mean 
inpatient volume and bill. Finally, the attributable health-
care cost was added across all the associated diseases to 
give the attributable healthcare cost for the risk factor 
cluster. Costs were estimated separately for sex and age 
groups. The formula is presented in Table 2.

Estimating attributable productivity losses
The human capital approach was used to estimate pro-
ductivity losses [17]. This approach assumes that the 
value of future earnings is a proxy for future productivity. 
We included productivity costs for individuals aged 79 
and below, accounting for the labour force participation 
rate. The formula used to estimate productivity losses 
from absenteeism and premature mortality is presented 
in Table 2.

Productivity loss from absenteeism refers to the income 
lost due to inpatient hospitalisation. This was computed 
by taking the product of the age- and sex-specific average 
daily wages with the mean length of stay, accounting for 
the cluster PAF, inpatient volume, and labour force par-
ticipation rate.

Productivity loss from premature mortality refers to 
the value of human capital lost when a person dies pre-
maturely. This accounts for the deaths attributed to the 
risk factor, estimated by taking the product of the num-
ber of deaths associated with the disease with the clus-
ter PAF. The productivity loss from premature mortality 
was then estimated by multiplying the number of deaths 
attributed to the risk factor by the labour force partici-
pation rate and expected future earnings. Finally, the 
projected future earnings were approximated using the 
present value of lifetime earnings from death to age 79. 
The discount rate was set at 3%, and the income growth 
rate was designated as the annualised change in real 
wages in 2019 at 3.3% [29].

Uncertainty
Uncertainty intervals (UI) were estimated by simulating 
the data using 1000 independent draws. The 95% UI was 
generated by the 2.5th and 97.5th percentiles. PAF was 

simulated from the beta distribution. The log-normal dis-
tribution was used to simulate data for inpatient costs, 
length of hospital stays, and the number of deaths. All 
analyses were done using R (version 4.0.5).

Reporting
For reporting purposes, we categorised the age groups 
into three broad age groups (20 to 44, 45 to 64 and 65 and 
above, same as the US GBD Study) and the diseases into 
six aggregated categories (cardiovascular diseases, diabe-
tes and kidney diseases, neoplasms, respiratory infections 
and tuberculosis, digestive diseases, and other diseases).

Results
At the cluster level, metabolic risks had the highest 
attributable cost and disease burden, followed by sub-
stance risks and lifestyle risks (Fig. 2A). At the individual 
risk level, the leading modifiable risk with the highest 
attributable cost and disease burden was tobacco smok-
ing, followed closely by dietary risks and high blood pres-
sure (Fig.  2B). Within dietary risks, a large proportion 
of the costs were from a diet high in sodium, diet low in 
whole grains and diet high in red meat (Supplementary 
Fig. 1).

Total cost
The costs attributable to the risk factors are presented 
in  Table  3. Metabolic risks had the highest total cost of 
S$2.20 billion (95% UI S$2.05 – 2.51 billion), followed by 
lifestyle risks of S$1.98 billion (95% UI S$1.85 – 2.26 bil-
lion) and substance risks of S$1.56 billion (95% UI S$1.49 
– 1.69 billion). The lowest total costs were environmen-
tal and occupational risks (S$659 million, 95% UI S$610 
– 759 million) and other modifiable risks ($588 million, 
95% UI S$538 – 692 million).

Of the metabolic risks, high systolic blood pressure 
(S$929 million, 95% S$UI 852 – 1050 million) had the 
highest total cost, followed by high fasting plasma glu-
cose (S$640 million, 95% UI S$554 – 836 million) and 
high LDL cholesterol (S$633 million, 95% UI S$560 – 741 
million). Of lifestyle risks, dietary risks (S$1040 million, 
95% UI S$952 – 1200 million) formed the highest total 

Table 2 Cost estimation formula for each risk factor cluster

where d = diseases; nd = total number of diseases; g = sex; and a = age groups in 5 year interval; na = total number of age groups; PAF = population attributable 
fraction; LFPR = labour force participation rates; LOS = length of stay
1 Productivity losses exclude those above 80

Type Formula

Healthcare Costs ∑nd
d=1

∑2
g=1

∑na
a=1 meaninpatientbilldga × inpatientvolumedga × ClusterPAFdga

Productivity Loss due  Absenteeism1 nd
d=1

2
g=1

na
a=1 meandailywagesga × LFPRga ×meanLOSdga × inpatientvolumedga × ClusterPAFdga

Productivity Loss due Premature  Mortality1 ∑nd
d=1

∑2
g=1

∑na
a=1 numberofdeathsga × LFPRga × totalexpectedfutureearningga × ClusterPAFdga
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Fig. 2 Bubble plot of the attributable total cost, disability-adjusted life years (DALYs) and death (a) by modifiable risk clusters (adjusted) and (b) 
by modifiable risks (unadjusted). The size of each bubble indicates the number of deaths attributable to the modifiable risks
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cost, followed by high body-mass index (S$868 million, 
95% UI S$801 – 995 million) and low physical activity 
(S$68.1 million, 95% UI S$55.7 – 111 million).

Within substance behavioural risks, the total cost 
was mainly from tobacco (S$1250 million, 95% UI 1180 
– $1370 million). Alcohol use accounted for S$234 mil-
lion (95% UI S$223 – 261 million), and illicit drug use 
accounted for S$78.4 million (95% UI S$71.9 – 92.8 mil-
lion). The highest attributable costs of environmental and 
occupational risks were air pollution (S$506 million, 95% 
UI S$458 – 588 million) and occupational risks (S$68.4 
million, 95% UI S$62.4 – 80.0 million). Other modifiable 
risks that had substantial costs were kidney dysfunction 
at S$430 million (95% UI S$382 – 522 million) and unsafe 
sex at S$105 million (95% UI S$97.1 – 117 million).

Total cost by disease category
The total cost across the five risk clusters was pri-
marily driven by non-communicable diseases such as 

cardiovascular diseases, diabetes and kidney diseases, 
and neoplasms (Fig.  3A, Table  4). Within metabolic 
risks, most of the costs were from cardiovascular dis-
eases (S$1760 million, 95% UI S$1610 – 2020 million) 
and diabetes and kidney diseases (S$347 million, 95% UI 
S$254 – 521 million). Cardiovascular diseases accounted 
for nearly 80% of the total cost of metabolic risks. The 
costs within lifestyle risks were mainly from cardiovascu-
lar diseases (S$1420 million, 95% UI S$1310 – 1670 mil-
lion), followed by neoplasms (S$302 million, 95% UI $286 
- $357 million) and diabetes and kidney diseases (S$202 
million, 95% UI S$148 – 322 million). For substance 
behavioural risks, most of the costs were driven by car-
diovascular diseases (S$594 million, 95% UI S$536 – 675 
million) and neoplasms (S$579 million, 95% UI S$556 – 
630 million). Environmental and occupational risk costs 
were driven mainly by cardiovascular diseases (S$409 
million, 9% UI 364 – 491 million). For other modifiable 
risks, the costs were driven by diabetes and kidney dis-
eases (S$228 million, 95% UI S$193 – 296 million).

Table 3 Breakdown of the attributable total cost

UI Uncertainty Intervals

Cost, S$ in million (95% UI)

Total Cost Healthcare Cost Productivity Losses

Metabolic risks 2200 (2050, 2510) 642 (478, 909) 1560 (1530, 1630)
High systolic blood pressure 929 (852, 1050) 218 (154, 321) 711 (672, 766)

High fasting plasma glucose 640 (554, 836) 271 (182, 451) 369 (350, 412)

High LDL cholesterol 633 (560, 741) 153 (94.5, 257) 480 (451, 514)

Lifestyle risks 1980 (1850, 2260) 549 (417, 806) 1430 (1400, 1510)
Dietary risks 1040 (952, 1200) 280 (198, 425) 759 (724, 809)

High body-mass index 868 (801, 995) 239 (186, 359) 629 (598, 686)

Low physical activity 68.1 (55.7, 111) 29.8 (20.2, 54.9) 38.3 (31.6, 60.6)

Substance risks 1560 (1490, 1690) 333 (265, 443) 1230 (1210, 1280)
Tobacco 1250 (1180, 1370) 286 (219, 395) 960 (938, 1010)

Alcohol use 234 (223, 261) 34.5 (26.4, 52.1) 199 (192, 216)

Illicit drug use 78.4 (71.9, 92.8) 12.6 (8.69, 20.0) 65.8 (61.1, 75.6)

Environmental and occupational risks 659 (610, 759) 174 (130, 256) 486 (467, 532)
Air pollution 506 (458, 588) 137 (98.3, 207) 368 (346, 407)

Occupational risks 68.4 (62.4, 80.0) 11.4 (7.39, 20.1) 57.8 (52.9, 64.5)

Other environmental risks 58.9 (53.8, 75.9) 14.8 (10.7, 24.8) 44.1 (41.2, 55.2)

Unsafe water, sanitation, and handwashing 16.3 (13.2, 24.0) 7.50 (4.55, 14.2) 8.83 (7.88, 10.5)

Non-optimal temperature 9.36 (7.85, 13.6) 2.74 (1.47, 5.49) 6.62 (5.85, 9.35)

Other modifiable risks 588 (538, 692) 192 (141, 288) 398 (384, 425)
Kidney dysfunction 430 (382, 522) 135 (89.3, 215) 295 (279, 317)

Unsafe sex 105 (97.1, 117) 14.3 (8.59, 23.8) 93.0 (87.5, 101)

Maternal malnutrition 45.8 (22.5, 94.3) 42.4 (19.8, 89.6) 3.37 (1.54, 7.48)

Intimate partner violence 3.22 (2.63, 3.96) 0.0142 (0.00862, 0.0312) 3.48 (2.89, 4.24)

Childhood sexual abuse 2.53 (1.79, 4.07) 0.493 (0.222, 1.15) 2.04 (1.47, 3.28)

Low bone mineral density 1.31 (1.24, 1.43) 0.0155 (0.00988, 0.0287) 1.30 (1.22, 1.41)
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Fig. 3 Attributable total cost of modifiable risk factors by (a) disease category, (b) aggregated age category and (c) sex
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Total cost by age category
The total cost varied across age groups (Fig. 3B, Sup-
plementary  Table  1). For metabolic risks, the older 
working-age group (aged 45 to 64 years) amounted to 
S$1.31 billion (95% UI S$1.19 – 1.55 billion), approxi-
mately 60% of the total cost. Conversely, the younger 
working-age group (aged 20 to 44) only accounted 
for S$377 million (95% UI S$355 – 422 million), 17% 

of the total cost. Across the risk clusters, most costs 
were from the older working-age group (aged 45 to 
64 years).

Total cost by sex
The total cost also varied by sex. Males had substan-
tially higher attributable costs than females. For meta-
bolic risks, males accounted for S$1.76 billion (95% 

Table 4 Breakdown of total cost by disease category

UI Uncertainty Intervals

Cost, S$ in million (95% UI)

Total Cost Healthcare Cost Productivity Losses

Metabolic risks
 Cardiovascular diseases 1760 (1610, 2020) 1760 (1610, 2020) 1320 (1280, 1380)

 Diabetes and kidney diseases 347 (254, 521) 183 (91.9, 357) 165 (154, 181) 

 Neoplasms 91.0 (81.1, 121) 20.3 (14.3, 33.8) 70.7 (62.9, 94.0) 

 Respiratory infections and tuberculosis 3.44 (2.74, 4.71) 1.13 (0.570, 2.22) 2.31 (1.96, 2.76) 

 Digestive diseases 0 (0, 0) 0 (0, 0) 0 (0, 0) 

 Other diseases 4.71 (3.39, 9.68) 0.99 (0.41, 2.53) 3.73 (2.66, 7.99) 

Lifestyle risks
 Cardiovascular diseases 1420 (1310, 1670) 340 (223, 551) 1080 (1040, 1150) 

 Diabetes and kidney diseases 202 (148, 322) 106 (53.4, 217) 95.6 (87.4, 114) 

 Neoplasms 302 (286, 357) 68.4 (47.4, 107) 234 (228, 264) 

 Respiratory infections and tuberculosis 0 (0, 0) 0 (0, 0) 0 (0, 0) 

 Digestive diseases 34.6 (22.2, 53.0) 30.7 (18.4, 49.0) 3.93 (3.18, 5.23) 

 Other diseases 14.5 (12.6, 22.5) 4.25 (2.79, 8.24) 10.2 (9.0, 16.3) 

Substance risks
 Cardiovascular diseases 594 (536, 675) 136 (86.0, 204) 458 (435, 489) 

 Diabetes and kidney diseases 22.5 (12.7, 44.1) 15.2 (5.83, 36.5) 7.33 (6.15, 10.1) 

 Neoplasms 579 (556, 630) 84.2 (62.6, 119) 495 (483, 527) 

 Respiratory infections and tuberculosis 137 (115, 200) 35.4 (16.5, 94.1) 102 (92.6, 114) 

 Digestive diseases 102 (87.2, 133) 38.4 (25.3, 63.8) 64.1 (56.2, 74.3) 

 Other diseases 123 (115, 145) 23.8 (16.1, 40.9) 99.5 (95.1, 111) 

Environmental and occupational risks
 Cardiovascular diseases 409 (364, 491) 104 (68.0, 168) 306 (282, 346) 

 Diabetes and kidney diseases 32.4 (20.3, 66) 22.1 (10.0, 55.3) 10.3 (8.9, 13.1) 

 Neoplasms 108 (99.1, 126) 14.7 (8.44, 28.1) 94.5 (87.0, 106) 

 Respiratory infections and tuberculosis 66.8 (53.5, 110) 22.5 (9.2, 62.9) 44.3 (39.5, 52.5) 

 Digestive diseases 0 (0, 0) 0 (0, 0) 0 (0, 0) 

 Other diseases 41.9 (37.9, 52.2) 10.9 (6.85, 19.0) 31.0 (29.3, 35.2) 

Other modifiable risks
 Cardiovascular diseases 202 (173, 252) 67.8 (42.7, 117) 134 (123, 150) 

 Diabetes and kidney diseases 228 (193, 296) 67.4 (32.9, 132) 160 (153, 172) 

 Neoplasms 48.0 (42.7, 56.1) 6.5 (3.1, 12.8) 41.5 (37.0, 47.5) 

 Respiratory infections and tuberculosis 0 (0, 0) 0 (0, 0) 0 (0, 0) 

 Digestive diseases 0 (0, 0) 0 (0, 0) 0 (0, 0) 

 Other diseases 110 (87, 161) 50.7 (26.9, 97.3) 61.8 (57.5, 68.1) 
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UI S$1.61 – 2.04 billion), while females only accounted 
for S$440 million (95% UI S$373 – 583 million). This 
was true for all the clusters of modifiable risks (Fig. 3C, 
Supplementary Table 2).

Healthcare cost
For healthcare costs, metabolic risks accounted for the 
highest costs (S$642 million, 95% UI S$478 – 909 mil-
lion), followed by lifestyle risks (S$549 million, 95% UI 
S$417 – 806 million) and substance risks (S$333 mil-
lion, 95% UI S$265 – 443 million) (Table 3). Most of the 
costs were from cardiovascular diseases. Across the risk 
factors, aged 45 to 64 years and 65 and above accounted 
for the most healthcare costs, while males accounted for 
most healthcare costs.

Productivity losses
Productivity losses accounted for the largest proportion 
of the total cost. Metabolic risks had the highest produc-
tivity losses of S$1560 million (95% UI S$1530 – 1630 
million), followed by lifestyle behavioural risks of S$1430 
million (95% UI S$1400 – 1510 million) and substance 
behavioural risks of S$1230 million (95% UI 1210 – 1280 
million) (Table  3). Attributable productivity losses were 
associated mainly with the older working age group and 
chronic conditions such as cardiovascular diseases and 
neoplasms.

Discussion
This study is the first in Singapore to estimate the societal 
cost attributable to a comprehensive list of modifiable 
risks. Across the cluster of risks, metabolic risks have the 
highest cost in 2019, followed closely by lifestyle risks and 
substance risks. These costs were driven by non-commu-
nicable diseases, with cardiovascular diseases contribut-
ing to the highest cost.

Across the modifiable risks, the attributable costs were 
primarily driven by the older working-age groups (aged 
45 to 64 years). However, many preventable diseases at an 
older age were found to be from long-term exposure to 
modifiable risk factors, implying that the risk may have 
existed at a younger age [30–32]. For example, a study 
reported that cumulative exposure to high body mass 
index during adolescence was associated with a three-
fold increase in cardiovascular diseases during adulthood 
[33]. As risk exposure accumulates from a younger age, it 
is essential for early and long-term health promotion pro-
grammes to be sustainable and target across the lifespan. 
Sustainable health promotion programmes to reduce risk 
exposure in the younger age group can lead to healthcare 
savings and productivity in the future.

We also found that most of the costs were concentrated 
among males, which could be primarily due to the higher 

labour force participation rate and income of men [28]. 
However, this gap may be narrowed down in the future 
with greater inclusion of women in the labour force and 
wage parity [34]. Nevertheless, productivity losses are 
expected to remain a significant driver of the societal 
costs, where public health policies and programmes 
should remain equitable for both sexes.

Relative to other modifiable risks, the proportion of 
disease burden attributable to metabolic risks was con-
siderably higher. In addition, metabolic risks are prone 
to cluster together in an individual, resulting in an ele-
vated risk of cardiovascular diseases [9]. In Singapore, 
where one in two people is projected to be above the age 
of 65 by 2050, the expected increase in the prevalence 
of metabolic risks and the associated increased risk of 
cardiovascular diseases is concerning as it is linked to 
higher healthcare costs. This highlights the importance of 
identifying those with metabolic risks so that prevention 
strategies can be targeted appropriately.

Lifestyle risks also contributed to considerable costs. 
Of the risks within lifestyle risks, the costs were notably 
driven by dietary risks, which comprise specific diets in 
15 food types that are either under or over-consumed. 
The highest cost from dietary risk was from the diet high 
in sodium. A recent study in Singapore also reported 
high costs attributable to high sodium diet [13]. Despite 
efforts to reduce sodium intake in 2011, sodium con-
sumption remained higher than the daily recommended 
amount even in recent years, highlighting the need for a 
timely review of existing policies [13, 35].

Even though substance risks are highly regulated in 
Singapore, these risks were also found to account for a 
sizeable cost. Tobacco smoking was estimated at S$1.29 
billion, the highest cost out of all the individual risk fac-
tors. Existing policies have reduced smoking preva-
lence in Singapore from 13.9% in 2010 to 10.1% in 2020 
[36]. These policies should be reviewed regularly as the 
tobacco industry evolves. Reducing tobacco smoking has 
a significant potential to reduce the high healthcare cost 
and economic burden on society.

Our study found that a large proportion of the soci-
etal cost stems from productivity losses, which also sig-
nificantly affects employers. In addition to bearing the 
cost of lost productivity, employers are also subjected 
to higher insurance premiums the following year. Con-
sidering adults’ time in the workplace, it offers an ideal 
setting to support health policies. Workplace interven-
tions to promote a healthy lifestyle have been shown to 
reduce absenteeism and improve health outcomes [37]. 
The individual also plays a vital role in maintaining or 
improving their health, and public health efforts should 
empower individuals to be accountable for their health. 
Public health interventions should rely on more than just 
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solid government support but also the collective effort of 
society.

To the best of our knowledge, this is the first study that 
estimates the societal costs of modifiable risk clusters. 
For example, a recent US study on healthcare spending 
attributable to modifiable risks finds that the highest 
spending was from high body mass index, followed by 
high systolic blood pressure, high fasting plasma glucose, 
and dietary risks [5]. Another study from Poland esti-
mated the productivity losses from the same set of modi-
fiable risks and found that the highest productivity losses 
were high systolic blood pressure, dietary risks, and high 
body mass index [6]. However, most studies on attrib-
utable costs focused only on a single risk factor. In con-
trast, the few studies that examined a comprehensive list 
of modifiable risks do not consider the co-occurrence of 
multiple risks in a cluster. Thus, these studies may be dif-
ferent due to methodological differences. However, while 
the studies in the US and Poland may not have estimated 
the cost by clusters, the hierarchy shows that the high-
est costs were from a combination of metabolic risks and 
lifestyle risks.

There are several limitations to our study. Firstly, our 
study shares the same methodological assumptions and 
constraints as the GBD study, which we extracted popu-
lation attributable fraction (PAF) from. For instance, PAF 
estimates for risks such as occupational risks and child-
hood sexual abuse were based on sparse evidence and 
interpreting the cost estimates may require closer inspec-
tion [38]. Additionally, the PAF assumed reducing the 
risk factor to the theoretical minimum exposure level, 
which may not be a feasible public health goal in some 
cases. For instance, reducing smoking to its theoreti-
cal minimum of no tobacco use would require stringent 
guidelines and enforcement. Despite these issues, GBD 
is currently the most comprehensive study estimating 
health burdens relating to an extensive list of modifiable 
risk factors.

Secondly, the societal costs were underestimated in 
this study. Healthcare costs were derived only from inpa-
tient hospitalisation. Other healthcare costs from pri-
mary care, and specialist outpatient clinics (SOC) were 
not included as they were not available at the time of this 
study. Given that many chronic diseases require routine 
chronic care management, more costs may have been 
incurred in primary care and SOC. However, the bulk of 
healthcare cost comes from the inpatient hospitalisation 
data [39–41]. In addition, productivity losses from absen-
teeism and premature mortality represent only a frac-
tion of society’s indirect cost. Productivity losses from 
presenteeism were not included, and productivity losses 
from absenteeism did not include sick days for routine 
check-ups or post-hospitalisation leave as these data 

were unavailable. Costs related to informal care were also 
not included. Informal care, provided by family members 
or friends, plays a significant role in the overall economic 
burden of a disease, especially for diseases which impairs 
activities of daily living. These costs include the time and 
effort devoted by caregivers, potential loss of income due 
to caregiving responsibilities, and other related expenses. 
Future research efforts could expand on the type of costs 
incurred.

Thirdly, risk factors between clusters are by no means 
mutually exclusive. In our study, we looked at the differ-
ent modifiable risk clusters separately. However, other 
studies have also reported clustering in lifestyle risks 
and substance risks such as tobacco smoking, alcohol 
use, poor dietary risks, and low physical activity [42, 43]. 
Clustering patterns were also observed in metabolic and 
substance risks [44]. Future studies may consider the 
overlap of risk factor clusters.

Lastly, estimates were from 2019 and may not reflect 
the current burden. At the time of this report, the most 
recent PAF from the GBD study was available for 2019. 
Thus, healthcare spending and productivity losses could 
not be updated.

Nevertheless, these estimates are helpful as they reflect 
the societal costs before the pandemic, providing a base-
line that can be used to assess the effectiveness of health 
programmes targeting modifiable risks. The government 
in singapore should prioritise programmes or interven-
tions that seek to better control of metabolic risk (low-
ering systolic blood pressure, fasting plasma glucose, 
and LDL cholesterol), lifestyle risks (lowering dietary 
risks and body mass index), and substance risks (reduc-
ing tobacco and alcohol usage).This study offers evidence 
with significant policy implications. It is crucial to imple-
ment actionable plans and policies to reduce the growing 
disease burden. Identifying and quantifying the societal 
cost associated with modifiable risks equips policymak-
ers with valuable insights to effectively target modifi-
able risks with a greater burden. Additionally, estimating 
the costs of modifying risk factors assists grantors in 
substantiating the cost-effectiveness of the funded pro-
grammes and interventions.

Conclusion
This study shows that the burden of diseases from mod-
ifiable risks bare considerable costs to the individual, 
the healthcare system, and society. In 2019, metabolic 
risks accounted for the highest societal cost of S$2.20 
billion (95% UI S$2.05 – 2.51 billion). Of the total cost 
for metabolic risks, the healthcare cost amounted to 
S$642 million (95% UI S$478 – 909 million), represent-
ing 5.6% of Singapore’s healthcare spending [10]. As 
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the population ages, the disease burden attributable 
to the studied modifiable risk factors is expected to 
increase, along with healthcare costs and productivity 
losses. Implementing effective health programmes tar-
geting multiple risks has a strong potential to manage 
the costs of the rising disease burden in Singapore and 
improve the health of the population.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 023- 16198-2.

Additional file 1.

Acknowledgements
We want to thank Adjunct Associate Professor Stefan Ma’s team (Esmond 
Seow; Fang Yan Wong) from the Ministry of Health Singapore and Professor 
Chia Kee Seng for the helpful discussions that contributed to this work.

Authors’ contributions
Concept and design: CC, Acquisition of data: SM, WLC. Statistical analysis 
and interpretation of data: All authors, First draft of the manuscript: VT, KA. 
Manuscript drafting, revision, and approval: All authors Obtaining funding: CC. 
Supervision: CC.

Funding
The research was supported by the Singapore Ministry of Health’s National 
Medical Research Council (MOH-HSRGMH18may-0001, MOH-001315-01). The 
funding source had no role in the design and conduct of the study; collection, 
management, analysis, or interpretation of the data; preparation, review, 
or approval of the manuscript; and decision to submit the manuscript for 
publication.

Availability of data and materials
The datasets analysed belong to the Ministry of Health Singapore. For confi-
dentiality reasons, the datasets are not publicly available. Data are however 
available from the authors upon reasonable request and with permission of 
the Ministry of Health Singapore.

Declarations

Ethics approval and consent to participate
This study was approved by the NUS IRB (reference number: NUS-
IRB-2021-611). Not applicable.

Consent for publication
Not applicable.

Competing interests
None declared.

Received: 25 April 2023   Accepted: 27 June 2023

References
 1. GBD 2017 Disease and Injury Incidence and Prevalence Collabora-

tors. Global, regional, and national incidence, prevalence, and years 
lived with disability for 354 diseases and injuries for 195 countries and 
territories, 1990–2017: a systematic analysis for the Global Burden of 
Disease Study 2017. Lancet. 2018;392(10159):1789–858.

 2. Murray CJL, et al. Global burden of 87 risk factors in 204 countries and 
territories, 1990–2019: a systematic analysis for the Global Burden of 
Disease Study 2019. The Lancet. 2020;396(10258):1223–49.

 3. Ding D, et al. The economic burden of physical inactivity: a 
global analysis of major non-communicable diseases. The Lancet. 
2016;388(10051):1311–24.

 4. Goodchild M, et al. Global economic cost of smoking-attributable 
diseases. Tob Control. 2018;27(1):58.

 5. Bolnick HJ, et al. Health-care spending attributable to modifiable risk 
factors in the USA: an economic attribution analysis. The Lancet Public 
Health. 2020;5(10):e525–35.

 6. Łyszczarz B, Sowa K. Production losses due to mortality associ-
ated with modifiable health risk factors in Poland. Eur J Health Econ. 
2022;23(1):33–45.

 7. Diaz-Gallo L-M, et al. Understanding interactions between risk factors, 
and assessing the utility of the additive and multiplicative models 
through simulations. PLoS ONE. 2021;16(4): e0250282.

 8. Hart CL, et al. The combined effect of smoking tobacco and drinking 
alcohol on cause-specific mortality: a 30 year cohort study. BMC Public 
Health. 2010;10(1):789.

 9. Dalal JJ, et al. LIPITENSION: Interplay between dyslipidemia and hyperten-
sion. Indian J Endocrinol Metab. 2012;16(2):240–5.

 10. Ministry of Health. Government Health Expenditure And Healthcare 
Financing. Available from: https:// www. moh. gov. sg/ resou rces- stati stics/ 
singa pore- health- facts/ gover nment- health- expen diture- and- healt hcare- 
finan cing.

 11. Ministry of Health. Managing Healthcare Cost Increases. 2020; Available 
from: https:// www. moh. gov. sg/ news- highl ights/ detai ls/ manag ing- healt 
hcare- cost- incre ases.

 12. Ministry of Finance. Singapore Budget 2022. 2022. Available from: https:// 
www. mof. gov. sg/ docs/ libra riesp rovid er3/ budge t2022/ downl oad/ pdf/ 
fy2022_ budget_ state ment. pdf.

 13. Koh J, et al. The social cost of high sodium diet in Singapore. Br J Nutr. 
2022:1–9.

 14. Cher BP, Chen C, Yoong J. Prevalence-based, disease-specific estimate of 
the social cost of smoking in Singapore. BMJ Open. 2017;7(4): e014377.

 15. James SL, et al. Global, regional, and national incidence, prevalence, and 
years lived with disability for 354 diseases and injuries for 195 countries 
and territories, 1990–2017: a systematic analysis for the Global Burden of 
Disease Study 2017. The Lancet. 2018;392(10159):1789–858.

 16. Gakidou E, et al. Global, regional, and national comparative risk assess-
ment of 84 behavioural, environmental and occupational, and metabolic 
risks or clusters of risks, 1990–2016: a systematic analysis for the Global 
Burden of Disease Study 2016. The Lancet. 2017;390(10100):1345–422.

 17. Jo C. Cost-of-illness studies: concepts, scopes, and methods. Clin Mol 
Hepatol. 2014;20(4):327–37.

 18. Meader N, et al. A systematic review on the clustering and co-occurrence 
of multiple risk behaviours. BMC Public Health. 2016;16(1):657.

 19. Donato KA, et al. Diagnosis and management of the metabolic syn-
drome. Circulation. 2005;112(17):2735–40.

 20. Poole C. A history of the population attributable fraction and related 
measures. Ann Epidemiol. 2015;25(3):147–54.

 21. Malhotra J, et al. Risk factors for lung cancer worldwide. Eur Respir J. 
2016;48(3):889.

 22. Yusuf S, et al. Effect of potentially modifiable risk factors associated with 
myocardial infarction in 52 countries (the INTERHEART study): case-
control study. Lancet. 2004;364(9438):937–52.

 23. Rowe AK, Powell KE, Flanders WD. Why population attributable fractions 
can sum to more than one. Am J Prev Med. 2004;26(3):243–9.

 24. Krueger H, et al. Improved estimation of the health and economic 
burden of chronic disease risk factors in Manitoba. Chron Dis Inj Can. 
2013;33(4):236–46.

 25. Lieffers JRL, et al. The economic burden of not meeting food recom-
mendations in Canada: The cost of doing nothing. PLoS ONE. 2018;13(4): 
e0196333.

 26. Smith Fawzi MC, et al. Lifetime economic impact of the burden of child-
hood stunting attributable to maternal psychosocial risk factors in 137 
low/middle-income countries. BMJ Glob Health. 2019;4(1): e001144.

 27. Global Burden of Disease Collaborative Network. Global Burden of 
Disease Study 2019 (GBD 2019). Seattle: Institute for Health Metrics and 

https://doi.org/10.1186/s12889-023-16198-2
https://doi.org/10.1186/s12889-023-16198-2
https://www.moh.gov.sg/resources-statistics/singapore-health-facts/government-health-expenditure-and-healthcare-financing
https://www.moh.gov.sg/resources-statistics/singapore-health-facts/government-health-expenditure-and-healthcare-financing
https://www.moh.gov.sg/resources-statistics/singapore-health-facts/government-health-expenditure-and-healthcare-financing
https://www.moh.gov.sg/news-highlights/details/managing-healthcare-cost-increases
https://www.moh.gov.sg/news-highlights/details/managing-healthcare-cost-increases
https://www.mof.gov.sg/docs/librariesprovider3/budget2022/download/pdf/fy2022_budget_statement.pdf
https://www.mof.gov.sg/docs/librariesprovider3/budget2022/download/pdf/fy2022_budget_statement.pdf
https://www.mof.gov.sg/docs/librariesprovider3/budget2022/download/pdf/fy2022_budget_statement.pdf


Page 12 of 12Tan et al. BMC Public Health         (2023) 23:1285 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Evaluation (IHME), University of Washington; 2020. Available from: https:// 
vizhub. healt hdata. org/ gbd- resul ts/.

 28. Manpower Research and Statistics Department, Ministry of Manpower 
Singapore. Labour Force in Singapore 2019. 2019. Available from: https:// 
stats. mom. gov. sg/ iMAS_ PdfLi brary/ mrsd_ 2019L abour Force. pdf.

 29. Manpower, M.o. Summary table: income. Singapore: Ministry of Man-
power. 2019; Available from: https:// stats. mom. gov. sg/ Pages/ Income- 
Summa ry- Table. aspx.

 30. Hu T, et al. Childhood/Adolescent Smoking and Adult Smoking and 
Cessation: The International Childhood Cardiovascular Cohort (i3C) 
Consortium. J Am Heart Assoc. 2020;9(7): e014381.

 31. Odgers CL, et al. Is it important to prevent early exposure to drugs and 
alcohol among adolescents? Psychol Sci. 2008;19(10):1037–44.

 32. Baker JL, Olsen LW, Sørensen TI. Childhood body mass index and 
the risk of coronary heart disease in adulthood. Ugeskr Laeger. 
2008;170(33):2434–7.

 33. Yuan Y, et al. Body Mass Index Trajectories in Early Life Is Predictive of 
Cardiometabolic Risk. J Pediatr. 2020;219:31-37.e6.

 34. Lin E, et al. Singapore’s adjusted gender pay gap. Manpower Research 
and Statistics Department, Ministry of Manpower; 2020. Available from: 
https:// stats. mom. gov. sg/ iMAS_ PdfLi brary/ mrsd- Singa pores- Adjus ted- 
Gender- Pay- Gap. pdf.

 35. Health Promotion Board. 2018; Available from: https:// www. hpb. gov. sg/ 
artic le/ natio nal- nutri tion- survey- 2018- shows- gradu al- impro vemen ts- in- 
singa porea ns- dieta ry- habits

 36. Ministry of Health. Smoking Prevalence In S’pore Population Dropped 
From 13.9% In 2010 To 10.1% In 2020. 2020; Available from: https:// www. 
moh. gov. sg/ news- highl ights/ detai ls/ smoki ng- preva lence- in- s’pore- 
popul ation- dropp ed- from- 13.9- in- 2010- to- 10.1- in- 2020.

 37. Tarro L, et al. Effectiveness of workplace interventions for improving 
absenteeism, productivity, and work ability of employees: a systematic 
review and meta-analysis of randomized controlled trials. Int J Environ 
Res Public Health. 2020;17(6):1901.

 38. Vos T, et al. Global burden of 369 diseases and injuries in 204 countries 
and territories, 1990–2019: a systematic analysis for the Global Burden of 
Disease Study 2019. The Lancet. 2020;396(10258):1204–22.

 39. Ng CS, et al. Direct medical cost of stroke in Singapore. Int J Stroke: official 
journal of the International Stroke Society. 2015;10(Suppl A100):75–82.

 40. Chew F-T, Goh DY-T, Lee B-W. The economic cost of asthma in Singapore. 
Aust N Z J Med. 1999;29(2):228–33.

 41. Shuyu Ng C, et al. Direct Medical Cost of Type 2 Diabetes in Singapore. 
PLoS ONE. 2015;10(3): e0122795.

 42. Noble N, et al. Which modifiable health risk behaviours are related? A 
systematic review of the clustering of Smoking, Nutrition, Alcohol and 
Physical activity (’SNAP’) health risk factors. Prev Med. 2015;81:16–41.

 43. Poortinga W. The prevalence and clustering of four major lifestyle risk 
factors in an English adult population. Prev Med. 2007;44(2):124–8.

 44. Han H, et al. The Study of Clustering Effects of Behavior Risk Factors in 
Patients with Metabolic Syndrome in Southern China: A Cross-Sectional 
Study. J Diabetes Res. 2020;2020:6478393.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
https://stats.mom.gov.sg/iMAS_PdfLibrary/mrsd_2019LabourForce.pdf
https://stats.mom.gov.sg/iMAS_PdfLibrary/mrsd_2019LabourForce.pdf
https://stats.mom.gov.sg/Pages/Income-Summary-Table.aspx
https://stats.mom.gov.sg/Pages/Income-Summary-Table.aspx
https://stats.mom.gov.sg/iMAS_PdfLibrary/mrsd-Singapores-Adjusted-Gender-Pay-Gap.pdf
https://stats.mom.gov.sg/iMAS_PdfLibrary/mrsd-Singapores-Adjusted-Gender-Pay-Gap.pdf
https://www.hpb.gov.sg/article/national-nutrition-survey-2018-shows-gradual-improvements-in-singaporeans-dietary-habits
https://www.hpb.gov.sg/article/national-nutrition-survey-2018-shows-gradual-improvements-in-singaporeans-dietary-habits
https://www.hpb.gov.sg/article/national-nutrition-survey-2018-shows-gradual-improvements-in-singaporeans-dietary-habits
https://www.moh.gov.sg/news-highlights/details/smoking-prevalence-in-s’pore-population-dropped-from-13.9-in-2010-to-10.1-in-2020
https://www.moh.gov.sg/news-highlights/details/smoking-prevalence-in-s’pore-population-dropped-from-13.9-in-2010-to-10.1-in-2020
https://www.moh.gov.sg/news-highlights/details/smoking-prevalence-in-s’pore-population-dropped-from-13.9-in-2010-to-10.1-in-2020

	The societal cost of modifiable risk factors in Singapore
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Modifiable risk factors
	Estimation of Population Attributable Fraction (PAF)
	Data sources
	Estimating attributable healthcare cost
	Estimating attributable productivity losses
	Uncertainty
	Reporting

	Results
	Total cost
	Total cost by disease category
	Total cost by age category
	Total cost by sex
	Healthcare cost
	Productivity losses

	Discussion
	Conclusion
	Anchor 26
	Acknowledgements
	References


